Purpose: Anterior Cruciate Ligament (ACL) tear is a common injury among wrestlers. One of its treatments is reconstructive surgery with Hamstring Tendon (HST) autograft. This research aimed to examine the effect of neoprene knee brace on the knee kinetics variables of elite wrestlers after ligament reconstructive surgery with hamstring autograft.
Introduction
nee joint is an important part of the lower limb kinetic chain and plays a key role in bearing weight and movement. Since this joint is located between the extremity of the two long levers of tibia and femur and lacks bone stabilizer, it is vulnerable to external forces [1] . It has been estimated that knee injuries account for more than 60% of all sport injuries and Anterior Cruciate Ligament (ACL) injury alone be responsible for half of all knee injuries. Thus this injury can cause expensive treatment costs, including all of the costs related to surgery and rehabilitation program [2] . Treatment of this injury whether by operation or rehabilitation imposes a heavy cost on the individual and the society. For example, more than 300000 ACL injuries occur in the United States every year that costs more than 6 billion dollars [3] .
Wrestling is one of the common reported sport activities with knee joint injuries. Studies indicate that knee injuries are among common injuries that occur in both the Free and Greco-Roman styles and ACL injury alone constitutes 20% of all knee injuries [4] . The most common surgery method for ACL tear is intra-articular reconstruction by using various grafts such as autografts, allografts, or synthetic grafts. Today, two methods of autologous bone-patella tendon-bone graft and autologous four-stand hamstring tendon graft are the most common methods of choice in ACL reconstruction and each method has its own particular advantages and disadvantages [5] . In the past 30 years, athletes have used knee braces for preventing the ACL injury and also following ACL reconstructive surgery [6] . These braces are divided into three main categories: preventive (prophylactic), rehabilitation, and functional [7] . About 55% of physicians prescribe preventive knee brace following ACL reconstructive surgery [8] . These braces are used to treat knee joint instability resulting from dysfunction of ACL, support all ACL grafts, and also prevent ligament injury while engaged in athletic activity [9] .
Neoprene sleeves are knee braces used on many occasions by athletes following reconstructive surgery [10] . Some studies show that in individuals with ACL injury, using brace alters the activity of muscles acting on knee joint. Theoret et al. (2006) reported that using brace would result in reduction of extensor muscles activities on the knee and increase flexor muscles activities [11] . However, Ramsey et al. (2003) studies demonstrate reduction in the activities of flexor muscles and increase in extensor muscles activities [12] . Nevertheless, Acierno and colleagues (1995) reported ineffectiveness of brace on knee flexor and extensor muscles activities in active individuals [13] . Also, some researchers examined the effects of wearing brace on kinetic variables. Ewing and colleagues, Morteza (2012), and Baltaci (2011) in three studies examined the effect of prophylactic braces on biomechanical variables of athletes without history of knee joint injury. In these studies which mostly employed isokinetic and field tests, results showed that using brace did not create significant changes in kinetic variables effective on athletic function such as peak torque and the work of muscles acting on the athletes' knee joint [14] [15] [16] . However, several studies examined the effects of brace on kinetic variables of the athletes with ligament injury and also after reconstructive surgery. Rebel et al. (2001) reported that using functional braces in athletes with ACL injury who had not undergone ligament reconstructive surgery would increase peak torque and muscle power [17, 18] . Literature review shows that only two articles have examined the effects of brace on kinetic variables of athletes following ACL reconstructive surgery. Birmingham (2002) showed that using brace would reduce the knee flexor torque in patients after ligament reconstructive surgery with hamstring autograft [8] . However, Risberg et al. (1999) reported that using brace would not create significant changes on kinetic biomechanics variables of athletes following ACL reconstructive surgery through patellar tendon [19] .
Morteza et al. (2013) and
Review of literature reveals that most studies about the role of brace on the knee joint kinetic have been conducted on athletes without joint damage and also there are inconsistencies between the results of a few studies conducted on athletes with ACL injury after reconstructive surgery. These inconsistencies may be due to the difference in the method of reconstructive surgery or the professional sport level of the athletes. To this end, in this research we attempted to study elite athletes who were in similar athletic field and had undergone similar surgery method. Therefore, in this research and in particular, the effects of using neoprene braces on the knee joint kinetic variables of elite wrestlers who have undergone ligament reconstructive surgery through hamstring tendon autograft, have been examined.
Materials and Methods
The present research method is quasi-experimental with pretest-posttest design and a control group. In this study, the effect of independent variable (using neoprene knee brace) on dependent variables (kinetic variables, including the ratio of knee flexor muscles torque to the extensor mus- cles, average peak torque, maximum power and total work of the knee flexor and extensor muscles) were examined.
The statistical population of the present research comprised best athletes of Free and Greco-Roman style participating in Wrestling Championship of the provinces of Razavi Khorasan, North Khorasan, and South Khorasan three years prior to conducting the research. Also they have undergone ACL reconstructive surgery with hamstring tendon autograft within the past 6 to 18 months. This research was done through in-person interview with coaches of wrestling teams of the three provinces and acquiring comprehensive information regarding members of these teams and also by referrals to the sport medical staff of the said provinces. Statistical The participants had undergone all post-operation rehabilitation programs supervised by physiotherapist. They regained full range of motion in the operated joint and at least 90% power of knee flexors and extensors as compared with the healthy knee. All research stages were carefully described to the participants and all volunteers filled out the consent form for taking part in the research. The participants were allowed to drop the test at any stage of the research and for any reason whatsoever. Also, they were assured that their medical and sport records will remain confidential with the researcher.
We used the isokinetic dynamometer device Gymnex model ISO-1 to assess the ratio of knee flexor muscles torque to the extensor muscles, average peak torque, maximum power, and total work of the knee flexor and extensor muscles. First the knee connectors were installed on the device and then the seat backrest of the device was adjusted at 85 degrees. Also in the system software, the test speed for knee flexion and extension was set at 120 deg/s. At first, all participants warmed up by riding a fixed bicycle at 70 rpm with a resistance of 4% of body weight for 5 minutes. Then, they performed stretching exercises of the thigh and leg anterior and posterior muscles, in static stretches, under supervision of a physical education specialist for 5 minutes. The test was carried out by placing the participant on the special seat of the device with the knees at 90 degrees flexion posture. Before the test, the dynamometer axis was aligned with the knee joint axis. The resistant pad was placed in distal one third of the tibia and the connection site of upper edge of the pad was marked by a marker on the skin so that it remained unchanged in the posttest ( Figure   1 ). Each participant carried out three times randomly the test of 5-repetition knee flexion and extension with the brace, and three times without the brace. The participants took 30 seconds rest between each five repetitions and 5 minutes rest between the two modes of with and without the brace. The brace used in this research was neoprene stabilizing knee brace with open patella and two adjustable "ASICS Gel" straps made by the Asics Company. The participants were verbally encouraged to do their best performances. The ratio of the knee flexor muscles torque to the extensor muscles, average peak torque, maximum power and total work of the knee flexor and extensor muscles were recorded for all participants [20] .
The descriptive statistics were used to calculate the mean and standard deviation of participants' age, height, and weight and the Kolmogorov-Smirnov (KS) test for determining the normality of data distribution. The results of KS statistical test confirmed the normality of data, therefore, the statistical parametric t test of dependent groups (paired) at the significant level of 0.05 was used to evaluate the effect of the independent variable on the dependent variables. Table 1 ). The results of statistical t test of the dependent groups showed that PHYSICAL TREA MENTS Figure 1 . The method of conducting isokinetic test.
Results

Indicators of central tendency and dispersion and the circumstances of distribution of data via KS test demonstrate normal distribution of data (
October 2016. Volume 6. Number 3 using neoprene knee brace results in significant changes in the average peak torque (t=-3.689, P=0.005), maximum power (t=-2.286, P=0.048), total work (t=-3.925, P=0.003) the knee flexor muscles and also the ratio of the knee flexor muscles to the extensor muscles (t=-3.174, P=0.011) in elite wrestlers following ACL reconstructive surgery with hamstring tendon autograft (Table 2) . Nevertheless, the results also demonstrate that using neo-prene knee brace does not create significant changes in the average peak torque, maximum power, and total work of the knee extensor muscles (P>0.05).
Discussion
This research aimed to study the effect of neoprene knee brace on the knee kinetic variables of elite wrestlers after the ACL reconstructive surgery with hamstring tendon autograft. The result of isokinetic tests showed that using neoprene knee brace improved kinetic variables of the average peak torque, maximum power and total work of the knee flexor muscles of wrestlers. These results while confirming the research results of Morteza et al. (2013) and Rebel et al. (2001) demonstrate that the effect of brace on the knee joint kinetic (maximum torque, power and work) mostly affects the function of flexor muscles rather than the extensor muscles, and this is also confirmed by the increase in the ratio of the knee flexor muscles torque to the extensor muscles [17, 18] . However, results of the present research are inconsistent with the results of Birmingham et al. (2002) study that the differences might be related to gender and levels of athletic activity of the participants.
Since, the hamstring group plays an important role in the stability of the knee joint during vigorous bodily exercises, and some researchers have reported on reduction of power in this group of muscles following ACL reconstructive surgery [21] , improvement in the knee flexor muscles is very important for better performance of the athlete after reconstructive surgery [22] . Also since these muscles act as ACL agonist, the improving kinetic variables of these muscles through reduction in the anterior displacement level of the tibia relative to the femur plays an important role in reducing the tension exerted on the ligament and results in lowering the likelihood of ACL re-injury [8] . Although ACL reconstructive surgery improves the mechanical stability of the knee joint, the recovery of knee normal function after surgery is not always satisfactory [23] which is probably due to the feedback of mechanoreceptors and reduction in the muscles reflexive contraction [24] . Because many researchers have emphasized the effect of neoprene braces on improving the knee joint proprioception [25] [26] [27] , it seems that using neoprene brace through increasing sensory inputs to CNS (central nervous system) can affect the muscles function of the injured person, especially the hamstring muscles [28, 29] . As the dynamic stability of the knee joint while performing sports skills only results from the mutual cooperation of the active forces of muscles and passive resistance of the ligaments, using neoprene brace can affect the active function of the knee flexor muscles through increasing the sensory outputs of the knee joint and besides improving the wrestler's function in skills that require vigorous activities of the knee flexor muscles, reduce the risk of ACL re-injury. However, conducting further studies seems necessary to better understand how brace affects neuromuscular control during sport activities.
Based on the results, using neoprene knee braces improves the function of knee flexor muscles and as a result reduces the rate of pressure exerted on ACL when performing wrestling techniques. Therefore it is recommended that elite wrestlers after ligament reconstructive surgery with hamstring tendon autograft and carrying out rehabilitation program, use neoprene knee braces for improving the flexor muscles function and reducing the likelihood of ACL re-injury. Nevertheless, as the present study only examined the effect of neoprene knee brace on kinetic variables of elite male wrestlers, further studies are needed on athletes of other athletic fields who use neoprene knee brace.
